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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to electrical heaters and more particularly to methods of forming indi-
vidual layers of a layered electrical heater.

BACKGROUND OF THE INVENTION

[0002] Layered heaters are typically used in applications where space is limited, when heat output needs vary across
a surface, where rapid thermal response is desirous, or in ultra-clean applications where moisture or other contaminants
can migrate into conventional heaters. A layered heater generally comprises layers of different materials, namely, a
dielectric and a resistive material, which are applied to a substrate. The dielectric material is applied first to the substrate
and provides electrical isolation between the substrate and the electrically-live resistive material and also minimizes
current leakage to ground during operation. The resistive material is applied to the dielectric material in a predetermined
pattern and provides a resistive heater circuit. The layered heater also includes leads that connect the resistive heater
circuit to an electrical power source, which is typically cycled by a temperature controller and an over-mold material that
protects the lead-to-resistive circuit interface. This lead-to-resistive circuit interface is also typically protected both me-
chanically and electrically from extraneous contact by providing strain relief and electrical isolation through a protective
layer. Accordingly, layered heaters are highly customizable for a variety of heating applications.
[0003] Layered heaters may be "thick" film, "thin" film, or "thermally sprayed," among others, wherein the primary
difference between these types of layered heaters is the method in which the layers are formed. For example, the layers
for thick film heaters are typically formed using processes such as screen printing, decal application, or film printing
heads, among others. The layers for thin film heaters are typically formed using deposition processes such as ion plating,
sputtering, chemical vapor deposition (CVD), and physical vapor deposition (PVD), among others. Yet another series
of processes distinct from thin and thick film techniques are those known as thermal spraying processes, which may
include by way of example flame spraying, plasma spraying, wire arc spraying, and HVOF (High Velocity Oxygen Fuel),
among others.
[0004] With thick film layered heaters, the type of material that may be used as the substrate is limited due to the
incompatibility of the thick film layered processes with certain substrate materials. For example, 304 stainless steel for
high temperature applications is without a compatible thick film dielectric material due to the relatively high coefficient
of thermal expansion of the stainless steel substrate. The thick film dielectric materials that will adhere to this stainless
steel are most typically limited in temperature that the system can endure before (a) the dielectric becomes unacceptably
"conductive" or (b) the dielectric delaminates or suffers some other sort of performance degradation. Additionally, the
processes for thick film layered heaters involve multiple drying and high temperature firing steps for each coat within
each of the dielectric, resistive element, and protective layers. As a result, processing of a thick film layered heater
involves multiple processing sequences.
Similar limitations exist for other layered heaters using the processes of thin film and thermal spraying. For example, if
a resistive layer is formed using a thermal spraying process, the pattern of the resistive element must be formed by a
subsequent operation such as laser etching or water-jet carving, unless a process such as shadow masking is employed,
which often results in imperfect resistor patterns. As a result, two separate process steps are required to form the resistive
layer pattern. Therefore, each of the processes used for layered heaters has inherent drawbacks and inefficiencies
compared with other processes.
WO 95/15670 A1 describes an electrically conductive composite heater and a method of its manufacture.

SUMMARY OF THE INVENTION

[0005] The problem on which the present invention is based is solved by a layered heater according to the claims.
[0006] Further areas of applicability of the present invention will become apparent from the detailed description provided
hereinafter. It should be understood that the detailed description and specific examples, while indicating the preferred
embodiment of the invention, are intended for purposes of illustration only and are not intended to limit the scope of the
invention which is defined by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention will become more fully understood from the detailed description and the accompanying
drawings, wherein:
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Figure 1 is a side view of layered heater constructed in accordance with the principles of the present invention;

Figure 2 is an enlarged partial cross sectional view, taken along line A-A of Figure 1, of a layered heater;

Figure 3a is an enlarged partial cross sectional view of a layered heater having a bond layer;

Figure 3b is an enlarged partial cross sectional view of a layered heater having a graded layer constructed;

Figure 3c is an enlarged partial cross sectional view of a layered heater having a bond layer and a graded layer;

Figure 4 is a graph illustrating the transition of CTE from a substrate to a dielectric layer in accordance with the
principles of the present invention;

Figure 5 is an enlarged partial cross sectional view of a layered heater having an overcoat layer;

Figure 6 is an enlarged partial cross sectional view of a layered heater having a plurality of resistive layers constructed
in accordance with the principles of the present invention;

Figure 7a is an enlarged partial cross sectional view of a layered heater having a sensor layer;

Figure 7b is an enlarged partial cross sectional view of a layered heater haying a ground shield layer;

Figure 7c is an enlarged partial cross sectional view of a layered heater having an electrostatic shield;

Figure 7d is an enlarged partial cross sectional view of a layered heater having an RF shield; and

Figure 8 is an enlarged cross sectional view of a layered heater having an embedded discrete component.

[0008] Corresponding reference numerals indicate corresponding parts throughout the several views of the drawings.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0009] Referring to Figures 1 and 2, a layered heater is illustrated and generally indicated by reference numeral 10.
The layered heater 10 comprises a number of layers disposed on a substrate 12, wherein the substrate 12 may be a
separate element disposed proximate the part or device to be heated, or the substrate 12 may be the part or device
itself. As best shown in Figure 2, the layers preferably comprise a dielectric layer 14, a resistive layer 16, and a protective
layer 18. The dielectric layer 14 provides electrical isolation between the substrate 12 and the resistive layer 16 and is
formed on the substrate 12 in a thickness commensurate with the power output, applied voltage, intended application
temperature, or combinations thereof, of the layered heater 10. The resistive layer 16 is formed on the dielectric layer
14 and provides a heater circuit for the layered heater 10, thereby providing the heat to the substrate 12. The protective
layer 18 is formed on the resistive layer 16 and is preferably an insulator, however other materials such as an electrically
or thermally conductive material may also be employed according to the requirements of a specific heating application.
Additionally, the layered heater 10 is shown in a generally cylindrical configuration with a spiral resistive circuit, however,
other configurations and circuit patterns may also be employed.
[0010] As further shown, terminal pads 20 are preferably disposed on the dielectric layer 14 and are in contact with
the resistive layer 16. Accordingly, electrical leads 22 are in contact with the terminal pads 20 and connect the resistive
layer 16 to a power source (not shown). (Only one terminal pad 20 and one electrical lead 22 are shown for clarity, and
it should be understood that two terminal pads 20 with one electrical lead 22 per terminal pad 20 is the preferred form
of the present invention). The terminal pads 20 are not required to be in contact with the dielectric layer 14 and thus the
illustration of the embodiment in Figure 1 is not intended to limit the scope of the present invention, so long as the terminal
pads 20 are electrically connected to the resistive layer 16 in some form. As further shown, the protective layer 18 is
disposed over the resistive layer 16 and is preferably a dielectric material for electrical isolation and protection of the
resistive layer 16 from the operating environment. Additionally, the protective layer 18 may cover a portion of the terminal
pads so long as there remains sufficient area to promote an electrical connection with the power source.
[0011] Preferably, the individual layers of the layered heater 10 are formed by different layered processes in order to
take advantage of the benefits of each process for an overall synergistic result. In one form, the dielectric layer 14 is
formed by a thermal spraying process and the resistive layer 16 is formed by a thick film process. By using a thermal
spraying process for the dielectric layer 14, an increased number of materials can be used as the substrate 12 that would
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otherwise be incompatible with thick film application of the dielectric layer 14. For example, a 304 stainless steel for a
high temperature application can be used as a substrate 12, which cannot be used with a thick film process due to the
excessive coefficient of thermal expansion (CTE) mismatch between this alloy and the possible thick film dielectric
glasses. It is generally known and understood that the CTE characteristics and insulation resistance property of thick
film glasses is inversely proportional. Other compatibility issues may arise with substrates having a low temperature
capability, e.g., plastics, and also with a substrate that comprises a heat treated surface or other property that could be
adversely affected by the high temperature firing process associated with thick films. Additional substrate 12 materials
may include, but are not limited to, nickel-plated copper, aluminum, stainless steel, mild steels, tool steels, refractory
alloys, aluminum oxide, and aluminum nitride. In using a thick film process, the resistive layer 16 is preferably formed,
on the dielectric layer 14 using a film printing head in one form of the present invention. Fabrication of the layers using
this thick film process is shown and described in U.S. Patent No. 5,973,296, which is commonly assigned with the present
application and the contents of which are incorporated herein by reference in their entirety. Additional thick film processes
may include, by way of example, screen printing, spraying, rolling, and transfer printing among others.
[0012] The terminal pads 20 are also preferably formed using a thick film process in one form of the present invention.
Additionally, the protective layer 18 is formed using a thermal spraying process. Therefore, the preferred form of the
present invention includes a thermal sprayed dielectric layer 14, a thick film resistive layer 16 and terminal pads 20, and
a thermal sprayed protective layer 18. In addition to the increased number of compatible substrate materials, this form
of the present invention has the added advantage of requiring only a single firing sequence to cure the resistive layer
16 and the terminal pads 20 rather than multiple firing sequences that would be required if all of the layers were formed
using a thick film layered process. With only a single firing sequence, the selection of resistor materials is greatly
expanded. A typical thick film resistor layer must be able to withstand the temperatures of the firing sequence of the
protective layer, which will often dictate a higher firing temperature resistor. By enabling the selection of a lower firing
temperature resistor material, the interface stresses between the high expansion substrate and the lower expansion
dielectric layer will be reduced, thus promoting a more reliable system. As a result, the layered heater 10 has broader
applicability and is manufactured more efficiently according to the teachings of the present invention.
[0013] In addition to using a thermal spraying process for the dielectric layer 14 and the protective layer 18 and a thick
film process for the resistive layer 16 and the terminal pads 20, other combinations of layered processes may be employed
for each of the individual layers while remaining within the scope of the present invention. For example, Table I below
illustrates possible combinations of layered processes for each of the layers within the layered heater.

[0014] Therefore, a number of combinations of layered processes may be used for each individual layer according to
specific heater requirements. The processes for each layer as shown in Table I should not be construed as limiting the
scope of the present invention, and the teachings of the present invention are that of different layered processes for
different functional layers within the layered heater 10. Thus, a first layered process is employed for a first layer (e.g.,
thermal spraying for the dielectric layer 14), and a second layered process is employed for a second layer (e.g., thick
film for the resistive layer 16) in accordance with the principles of the present invention.
[0015] The thermal spraying processes may include, by way of example, flame spraying, plasma spraying, wire arc
spraying, and HVOF (High Velocity Oxygen Fuel), among others. In addition to the film printing head as described above,
the thick film processes may also include, by way of example, screen printing, spraying, rolling, and transfer printing,
among others. The thin film processes may include ion plating, sputtering, chemical vapor deposition (CVD), and physical
vapor deposition (PVD), among others. Thin film processes such as those disclosed in U.S. Patent Nos. 6,305,923
6,341,954, and 6,575,729, which are incorporated herein by reference in their entirety, may be employed with the heater
system 10 as described herein while remaining within the scope of the present invention. With regard to the sol-gel
process, the layers are formed using sol-gel materials. Generally, the sol-gel layers are formed using processes such
as dipping, spinning, or painting, among others. Thus, as used herein, the term "layered heater" should be construed
to include heaters that comprise functional layers (e.g., dielectric layer 14, resistive layer 16, and protective layer 18,
among others as described in greater detail below), wherein each layer is formed through application or accumulation
of a material to a substrate or another layer using processes associated with thick flm, thin film, thermal spraying, or sol-

Table I

Layer Processes Processes Processes Processes

Dielectric Sol-Gel Thermal Spray Thermal Spray Sol-Gel

Resistive Thick Film Thin Film Thick Film Thermal Spray

Terminal Pads Thick Film Thin Film Thick Film Thermal Spray

Protective Sol-Gel Thermal Spray Sol-Gel Sol-Gel
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gel, among others. These processes are also referred to as "layered processes," "layering processes," or "layered heater
processes."
[0016] Referring now to Figure 3a, an additional functional layer between the substrate 12 and the dielectric layer 14
may be beneficial or even required when using thermal spraying processes for the dielectric layer 14. This layer is
referred to as a bond layer 30 and functions to promote adhesion of the thermally sprayed dielectric layer 14 to the
substrate 12. The bond layer 30 is preferably formed on the substrate 12 using a layered process such as wire arc
spraying and is preferably a material such as a nickel-aluminum alloy.
[0017] As shown in Figure 3b, yet another functional layer may be employed between the substrate 12 and the dielectric
layer 14. This layer is referred to as a graded layer 32 and is used to provide a CTE transition between the substrate
12 and the dielectric layer 14 when the difference in CTEs between layers is relatively large. For example, when the
substrate 12 is metal and the dielectric layer 14 is ceramic, the difference in CTEs is relatively large and the structural
integrity of the layered heater 10 would be degraded due to this difference. Accordingly, the graded layer 32 provides
a transition in CTE as illustrated in Figure 4, which may be linear/continuous or step-changed as shown by the solid and
dashed traces, respectively, or another function as required by specific application requirements. The material for the
graded layer 32 is preferably a cermet, a material consisting of a blend of ceramic and metal powders, however, other
materials may also be employed.
[0018] Referring now to Figure 3c, both a bond layer 30 and a graded layer 32 as previously described may be
employed in another form . As shown, the bond layer 30 is formed on the substrate 12, and the graded layer 32 is formed
on the bond layer 30, wherein the bond layer 30 is used to promote an improved adhesion characteristic between the
substrate 12 and the graded layer 32. Similarly, the dielectric layer 14 is formed on the graded layer 32 and thus the
graded layer 32 provides a transition in CTE from the substrate 12 to the dielectric layer 14.
[0019] As shown in Figure 5, the layered heater 10 may also employ an additional functional layer that is formed on
the protective layer 18, namely, an overcoat layer 40. The overcoat layer 40 is preferably formed using a layered process
and may include by way of example a machinable metal layer, a non-stick coating layer, an emissivity modifier layer, a
thermal insulator layer, a visible performance layer, (e.g., temperature sensitive material that indicates temperature via
color), or a durability enhancer layer, among others. There may also be additional preparatory layers between the
protective layer 18 and the overcoat layer 40 in order to enhance performance of the overcoat layer 40. Additional
functional layers, further, in different locations throughout the buildup of layers, may be employed according to specific
application requirements.
[0020] These functional layers may also include additional resistive layers as shown in Figure 6, wherein a plurality
of resistive layers 42 are formed on a corresponding plurality of dielectric layers 44. The plurality of resistive layers 42
may be required for additional heater output in the form of wattage or may also be used for redundancy of the layered
heater 10, for example in the event that the resistive layer 16 fails. Moreover, the plurality of resistive layers 42 may also
be employed to satisfy resistance requirements for applications where high or low resistance is required in a small
effective heated area, or over a limited footprint. Additionally, multiple circuits, or resistive layer patterns, may be employed
within the same resistive layer, or among several layers. For example, each of the resistive layers 42 may have different
patterns or may be electrically tied to alternate power terminals. Accordingly, the configuration of the plurality of resistive
layers 42 as illustrated should not be construed as limiting the scope of the present invention.
[0021] Additional forms of functional layers are illustrated in Figures 7a-7d, which are intended to be exemplary and
not to limit the possible functional layers for the layered heater 10. As shown in Figure 7a, the additional functional layer
is a sensor layer 50. The sensor layer 50 is preferably a Resistance Temperature Detector (RTD) temperature sensor
and is formed on a dielectric layer 52 using a thin film process, although other processes may be employed. Figure 7b
illustrates a layered heater 10 having a functional layer of a ground shield 60, which is employed to isolate and drain
any leakage current to and/or from the layered heater 10. As shown, the ground shield 60 is formed between dielectric
layers 14 and 62 and is connected to an independent terminal for appropriate connection to a designated leakage path
64. The ground shield 60 is preferably formed using a thick film layered process, however, other layered processes as
disclosed herein may also be employed.
[0022] As shown in Figure 7c, the additional functional layer is an electrostatic shield 70, which is used to dissipate
electrostatic energy directed to and/or from the layered heater 10. Preferably, the electrostatic shield 70 is formed
between a dielectric layer 72 and a protective layer 74 as shown. Figure 6d illustrates the additional functional layer of
a radio frequency (RF) shield 80, which is used to shield certain frequencies to and/or from the layered heater 10.
Similarly, the RF shield 80 is formed between a dielectric layer 82 and a protective layer 84 as shown. The electrostatic
shield 70 and RF shield 80 layers are preferably formed using a thick film layered process, however, other layered
processes may also be employed. It should be understood that the additional functional layers as shown and described
herein, namely, the sensor layer 50, the ground shield 60, the electrostatic shield 70, and the RF shield 80 may be
positioned at various locations adjacent any of the layers of the layered heater 10 and connected to an appropriate
power source other than those positions and connections illustrated in Figures 7a-7d.
[0023] In addition to employing functional layers as described herein, the layered processes may also be employed
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to embed discrete components within the layered heater 10. For example, as shown in Figure 8, a discrete component
90 (e.g., temperature sensor) is embedded between the dielectric layer 14 and the protective layer 18. The discrete
component 90 is preferably secured to the resistive layer 16 using the thermal spraying process, which would result in
a local securing layer 92 as shown. However, other processes may be employed to secure discrete embedded compo-
nents. Additional discrete components may include, but are not limited to, thermocouples, RTDs, thermistors, strain
gauges, thermal fuses, optical fibers, and microprocessors and controllers, among others.
[0024] It should be understood that the position within the layers of the additional functional layers and the discrete
components is not intended to limit the scope of the present invention. The additional functional layers and the discrete
components may be placed in various locations adjacent any of the layers, e.g., between the dielectric layer 14 and the
resistive layer 14, between the resistive layer 14 and the protective layer 16, between the substrate 12 and the dielectric
layer 14, or adjacent other layers.
[0025] For example, the layered heater 10 as described herein may be employed with a two-wire controller as shown
and described in co-pending application Serial No. 10/719,327, titled "Two-Wire Layered Heater System," filed November
21, 2003, and co-pending application titled "Tailored Heat Transfer Layered Heater System," filed January 6, 2004, both
of which are commonly assigned with the present application and the contents of which are incorporated herein by
reference in their entirety.

Claims

1. A layered heater (10) comprising: a plurality of resistive layers (16, 42) and a plurality of dielectric layers (44),
characterized in that a first dielectric layer (44) is formed on a first resistive layer (42), a second resistive layer
(42) is formed on the first dielectric layer (44), and a second dielectric layer (44) is formed on the second resistive
layer (42), such that first and second resistive layers (42) are separated from one another by the first dielectric layer
(44), wherein the plurality of resistive layers (42) and dielectric layers (44) are formed by at least one layered process.

2. The layered heater (10) according to Claim 1, wherein the layered process is selected from a group consisting of
thick film, thin film, thermal spray and sol-gel.

3. The layered heater (10) according to one of the preceding Claims, wherein the first resistive layer (42) is formed on
a protective layer (18), the protective layer (18) being formed on a third resistive layer (16).

4. The layered heater (10) according to Claim 3, wherein the third resistive layer (16) is formed on a third dielectric
layer (14).

5. The layered heater (10) according to Claim 4, wherein the third dielectric layer (14) is formed on a substrate (12).

6. The layered heater (10) according to Claim 5, wherein the substrate (12) is selected from a group consisting of
nickel-plated copper, aluminum, stainless steel, mild steel, tool steel, refractory alloy, aluminum oxide, and aluminum
nitride.

7. The layered heater (10) according to Claim 1, further comprising at least one conductor pad (20) in contact at least
one of the resistive layers (16, 42).

8. The layered heater (10) according to Claim 7, wherein the conductor pad (20) is formed by a layered process selected
from a group consisting of thick film, thin film, thermal spray, and sol-gel.

9. The layered heater (10) according to Claim 1 further comprising: a two-wire controller in communication with the
layered heater (10), wherein at least one of the resistive layers (16, 42) has sufficient temperature coefficient of
resistance characteristics such that the resistive layer (16, 42) is a heater element and a temperature sensor and
the two-wire controller determines temperature of the layered heater (10) using the resistance of the resistive layer
(16, 42) and controls heater temperature accordingly.

Patentansprüche

1. Geschichteter Heizkörper (10), aufweisend: eine Vielzahl von Widerstandsschichten (16, 42) und eine Vielzahl von
dielektrischen Schichten (44), dadurch gekennzeichnet, dass eine erste dielektrische Schicht (44) auf einer ersten
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Widerstandsschicht (42) gebildet wird, eine zweite Widerstandsschicht (42) auf der ersten dielektrischen Schicht
(44) gebildet wird und eine zweite dielektrische Schicht (44) auf der zweiten Widerstandsschicht (42) gebildet wird,
sodass die erste und die zweite Widerstandsschicht (42) durch die erste dielektrische Schicht (44) voneinander
getrennt sind, wobei die Vielzahl der Widerstandsschichten (42) und der dielektrischen Schichten (44) durch min-
destens ein Schichtenverfahren gebildet wird.

2. Geschichteter Heizkörper (10) nach Anspruch 1, wobei das Schichtenverfahren aus einer Gruppe, bestehend aus
Dickfilm-, Dünnfilm-, thermischem Spritz- und Sol-Gel-Verfahren, ausgewählt wird.

3. Geschichteter Heizkörper (10) nach einem der vorangegangenen Ansprüche, wobei die erste Widerstandsschicht
(42) auf einer Schutzschicht (18) gebildet wird, wobei die Schutzschicht (18) auf einer dritten Widerstandsschicht
(16) gebildet wird.

4. Geschichteter Heizkörper (10) nach Anspruch 3, wobei die dritte Widerstandsschicht (16) auf einer dritten dielekt-
rischen Schicht (14) gebildet wird.

5. Geschichteter Heizkörper (10) nach Anspruch 4, wobei die dritte dielektrische Schicht (14) auf einem Träger (12)
gebildet wird.

6. Geschichteter Heizkörper (10) nach Anspruch 5, wobei der Träger (12) aus einer Gruppe, bestehend aus vernickel-
tem Kupfer, Aluminium, nicht rostendem Stahl, kohlenstoffarmem Stahl, Werkzeugstahl, hochschmelzender Legie-
rung, Aluminiumoxid und Aluminiumnitrid, ausgewählt wird.

7. Geschichteter Heizkörper (10) nach Anspruch 1, ferner mindestens eine Anschlussfläche (20) in Berührung mit
mindestens einer der Widerstandsschichten (16, 42) aufweisend.

8. Geschichteter Heizkörper (10) nach Anspruch 7, wobei die Anschlussfläche (20) durch ein Schichtenverfahren, das
aus einer Gruppe, bestehend aus Dickfilm-, Dünnfilm-, thermischem Spritz- und Sol-Gel-Verfahren, ausgewählt
wird, gebildet wird.

9. Geschichteter Heizkörper (10) nach Anspruch 1, ferner aufweisend: einen Zwei-Leiter-Regler in Kommunikation
mit dem geschichteten Heizkörper (10), wobei mindestens eine der Widerstandsschichten (16, 42) ausreichende
Kennwerte für einen Temperaturkoeffizienten des elektrischen Widerstandes aufweist, sodass die Widerstands-
schicht (16, 42) ein Heizelement und ein Temperatursensor ist und der Zwei-Leiter-Regler die Temperatur des
geschichteten Heizkörpers (10) unter Anwendung des elektrischen Widerstandes der Widerstandsschicht (16, 42)
bestimmt und die Temperatur des Heizkörpers dementsprechend regelt.

Revendications

1. Dispositif de chauffage à empilements (10) qui comprend : une pluralité de couches résistives (16, 42) et une pluralité
de couches diélectriques (44), caractérisé en ce qu’une première couche diélectrique (44) est formée sur une
première couche résistive (42), une seconde couche résistive (42) est formée sur la première couche diélectrique
(44), et une seconde couche diélectrique (44) est formée sur la seconde couche résistive (42), de sorte que la
première et la seconde couches résistives (42) soient séparées l’une de l’autre par la première couche diélectrique
(44), dans lequel la pluralité de couches résistives (42) et de couches diélectriques (44) est formée par au moins
un procédé d’empilement.

2. Dispositif de chauffage à empilements (10) selon la revendication 1, dans lequel le procédé d’empilement est choisi
parmi un groupe qui consiste en un film épais, un filme mince, une pulvérisation thermique et un procédé sol-gel.

3. Dispositif de chauffage à empilements (10) selon l’une des revendications précédentes, dans lequel la première
couche résistive (42) est formée sur une couche de protection (18), la couche de protection (18) étant formée sur
une troisième couche résistive (16).

4. Dispositif de chauffage à empilements (10) selon la revendication 3, dans lequel la troisième couche résistive (16)
est formée sur une troisième couche diélectrique (14).
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5. Dispositif de chauffage à empilements (10) selon la revendication 4, dans lequel la troisième couche diélectrique
(14) est formée sur un substrat (12).

6. Dispositif de chauffage à empilements (10) selon la revendication 5, dans lequel le substrat (12) est choisi parmi
un groupe qui consiste en du cuivre recouvert de nickel, de l’aluminium, de l’acier inoxydable, de l’acier doux, de
l’acier à outils, un alliage réfractaire, de l’oxyde d’aluminium, et du nitrure d’aluminium.

7. Dispositif de chauffage à empilements (10) selon la revendication 1, qui comprend en outre au moins une plage
conductrice (20) en contact avec au moins l’une des couches résistives (16, 42).

8. Dispositif de chauffage à empilements (10) selon la revendication 7, dans lequel la page conductrice (20) est formée
par un procédé d’empilement choisi parmi un groupe qui consiste en un film épais, un film mince, une pulvérisation
thermique, et un procédé sol-gel.

9. Dispositif de chauffage à empilements (10) selon la revendication 1, qui comprend en outre : un contrôleur à deux
fils en communication avec le dispositif de chauffage à empilements (10), dans lequel au moins l’une des couches
résistives (16, 42) possède un coefficient thermique de caractéristiques de résistance suffisant pour que la couche
résistive (16, 42) soit un élément de chauffage, et un capteur de température et le contrôleur à deux fils déterminent
la température du dispositif de chauffage à empilements (10) à l’aide de la résistance de la couche résistive (16,
42), et contrôlent la température du dispositif de chauffage en conséquence.
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